eGFR. Conclusion: The burden of CKD was high among this screened population of AIAN, and different risk factor patterns were associated with low eGFR and albuminuria. Innovative programs and longitudinal research are needed to address CKD among AIAN.
such as diabetes, are increasing among the AIAN population [8, 9] . Knowledge of CKD and its risk factors may lead to improved screening, prevention and early intervention in this high-risk group.
We utilized data from the Kidney Early Evaluation Program (KEEP) of the National Kidney Foundation (NKF) to describe the burden of CKD among a screened population of AIAN. In addition, we estimated the strength of associations of candidate risk factors for CKD between having a low eGFR ( ! 60 ml/min/1.73 m 2 ) and albuminuria ( 1 30 mg/g) with a normal eGFR.
Methods

Study Population
The KEEP study is a free, community-based, voluntary screening program designed to identify individuals at increased risk for kidney disease and to encourage them to seek follow-up care [10] . KEEP screening sites are conducted throughout the USA through each state's local NKF affiliate site [11] . The screening program which has been previously described takes place in both urban and rural locations [10] . The geographic region included is 49 states, except Alaska, and the District of Columbia. Eligible participants are men or women at least 18 years of age with either a personal diagnosis of diabetes mellitus or hypertension, or with a family history of diabetes, hypertension, or CKD. Participants who had received transplants or were on regular dialysis treatment were excluded from this analysis.
Screening Protocol
Screening data were collected on participant demographic characteristics, personal and family medical history, and health behaviors [10] . One-time systolic and diastolic blood pressure measurements were obtained, and blood and urine specimens were collected and processed for determination of serum creatinine and urine albumin levels [10] .
Predictor Variables
Potential CKD risk factors examined were age, sex, smoking, obesity, diabetes, hypertension, family history of CKD, family history of diabetes, and geographic region. Age was determined by self-reported date of birth at the time of screening and categorized into three groups: 18-45, 46-60, and 6 61 years of age. Smoking status was self-reported and categorized as current, former, or never. Diabetes was diagnosed by either participant selfreport, fasting glucose values 6 126 mg/dl, or non-fasting glucose values 6 140 mg/dl. Hypertension was diagnosed by either participant self-report or systolic blood pressure 6 140 mm Hg or diastolic blood pressure 6 90 mm Hg in the absence of diabetes or CKD; systolic blood pressure 6 130 mm Hg or diastolic blood pressure 6 80 mm Hg were the cut points if diabetes or CKD was present. Obesity was defined as a body mass index of 6 30 . Family history of diabetes and family history of kidney disease were determined by participant self-report of having a first-degree relative with diabetes or CKD, respectively. The USA was categorized into four geographic screening regions that corresponded to the nine US Census divisions which correlated with Indian Health Service geographic regional areas in order to examine potential regional differences for CKD and risk factors. The Northeast region includes the following states (CT, ME, MA, NH, RI, VT, NJ,  NY, 
Outcome Variables
Serum creatinine values for KEEP study participants were calibrated against values measured at Cleveland Clinic Research Laboratory using the Roche enzymatic assay. Subsequently, eGFR using the original (raw) serum creatinine value was re-calculated using the re-expressed Modification of Diet in Renal Disease Study equation with the newly calibrated serum creatinine values [12, 13] . Spot urine specimens were collected and tested for microalbuminuria with the Micral assay (Roche Pharmaceuticals, Indianapolis, Ind.) until September 2001, and then with a Clinitek assay (Bayer Diagnostics, Tarrytown, N.Y.) [10] .
Presence of CKD was defined by a low eGFR or albuminuria based upon the Kidney Disease Outcomes Quality Initiative guidelines [7] . For this analysis, eGFR was dichotomized into a low eGFR ( ! 60 ml/min/1.73 m 2 ) or a normal eGFR ( 6 60 ml/ min/1.73 m 2 ) and albuminuria was defined as an abnormal urine albumin to creatinine ratio of 6 30 mg/g. We examined three outcome variables: (a) presence of CKD and (b) low eGFR in the overall AIAN KEEP study population, and (c) albuminuria in the group of AIAN NKEEP study participants with a normal eGFR.
Statistical Analysis
We tabulated the proportion of AIAN KEEP study participants who had screening data available to calculate eGFR from the entire KEEP screened cohort who self-identified as AIAN. We then tabulated the proportion of AIAN participants who had any criteria for CKD, those with a low eGFR, and those with albuminuria and a normal eGFR. We then compared demographic characteristics and risk factor prevalence among AIAN participants without any CKD, with a low eGFR, and with albuminuria and a normal eGFR using 2 analyses. For AIAN KEEP study participants with complete data for the potential risk factors, we calculated CKD prevalence within subgroups based upon age, sex, smoking status, presence of obesity, diabetes mellitus, hypertension, and geographic regions.
We conducted multivariate logistic regression analyses to determine which risk factors, or covariates, were independently associated with each of the three outcomes: (a) combined CKD outcome, (b) low eGFR, and (c) albuminuria among persons with normal eGFR. All potential risk factors, determined a priori, were included in the multivariable analyses. We also assessed for potential interactions between diabetes and hypertension with geographic region for our three CKD outcomes using the Wald test of heterogeneity. Prior cohort studies found regional differences in the prevalence of albuminuria among those with diabetes or hypertension [5] .
Statistical analyses were performed with the SAS Statistical Package (Release 9.1; SAS Institute Inc., Cary, N.C., USA).
Results
A total of 3,558 self-identified AIAN underwent screening through KEEP from August 1, 2000 to December 31, 2006 . Data for determining eGFR were available for 3,037 (85%) of the total screened AIAN participants and constituted our AIAN KEEP study population. Data for determining albuminuria among the AIAN study population were available for 2,966 (98%) of those participants. The AIAN KEEP study population represents 4.9% of the entire KEEP cohort (n = 61,660) for which CKD status could be determined for the study period.
AIAN participants without creatinine measures (n = 521) had similar distribution of age, sex, prevalence of diabetes, hypertension, family history of diabetes, and family history of kidney disease compared with the included (n = 3,037) AIAN participants. Except, smoking (67 vs. 55%, p ! 0.001) and obesity (61 vs. 56%, p = 0.04) were higher among the excluded participants.
Among the 3,037 AIAN-screened participants included, the average age was 51 ( 8 18) years, 787 (26%) were male, 1,669 (56%) were obese, 1,253 (41%) had diabetes, and 1,948 (64%) had hypertension. One-quarter (n = 745) reported a family history of kidney disease and 2,329 (79%) reported a family history of diabetes. Out of the AIAN KEEP study population (n = 3,037), 891 (29%) had CKD, 526 (17%) had a low eGFR, and 365 (12%) had albuminuria and a normal eGFR. AIAN participants with low eGFR were older compared to those without CKD or albuminuria with a normal eGFR ( table 1 ) . Both groups, those with low eGFR and albuminuria with a normal eGFR, had more diabetes and hypertension than those without CKD ( table 1 ) . There were no differences in the prevalence of obesity, smoking, and family history of kidney disease ( table 1 ) .
By region, the West had the most participants at 1,117 (55%), followed by the South at 1,081 (35%), then the Midwest at 570 (19%), and lastly the Northeast at 269 (9%). However, the percentage of CKD, defined as a low eGFR or albuminuria with a normal eGFR, among participants by region was highest was among those screened in the Northeast with 40% (n = 108), followed by the West with 32% (n = 359), the Midwest with 29% (n = 168), and the South with 24% (n = 256).
Approximately 36% of the AIAN over age 61 had a low eGFR, compared with only 4% of the AIAN age 18-45 in an unadjusted analysis ( fig. 1 ) . We see a pattern of increasing prevalence of albuminuria with age, among par- (38) 80 (15) 114 (22) 238 (45) 94 (18) 28 (8) 54 (15) fig. 2 ). Nearly 24% of AIAN with either diabetes or hypertension had a low eGFR ( fig. 1 ) , and among those with a normal eGFR, approximately 20% of AIAN with either diabetes or hypertension had albuminuria ( fig. 2 ) .
Complete data for risk factors of interest were available for 2,725 (90%) of our AIAN KEEP study population; in our fully adjusted models, age was most strongly associated with a low eGFR, followed by hypertension, and male sex ( table 2 ). Diabetes was not independently associated with a low eGFR ( table 2 ). Complete data for risk factors of interest were available for 2,271 (90%) of the AIAN KEEP study participants with a normal eGFR. Among these participants, hypertension and diabetes were strongly associated with albuminuria, but not age or male sex in our fully adjusted models ( table 2 ) .
We tested six potential interactions of geographic region and both diabetes and hypertension for predicting (a) the presence of CKD, (b) low eGFR, and (c) albumin- uria with normal eGFR. Only for the outcome of presence of CKD was there a significant interaction for the association of hypertension and geographic region. Among participants with hypertension, the associations of Northeast and Midwest region with CKD were 3.54 and 1.89 odds ratios, respectively; whereas among those without hypertension, the associations of those regions were less at 1.68 and 0.81 odds ratios, respectively (p for interaction = 0.01).
Discussion
Nearly one-third of the AIAN participants screened with KEEP had CKD, 17% had a reduced eGFR and 12% had albuminuria with a normal eGFR. On average, AIAN with CKD were older and more likely to have diabetes and hypertension. The relative associations of these risk factors with a low eGFR and albuminuria with a normal eGFR were notably different. Age was the strongest predictor of low eGFR, followed by hypertension and smoking, but not diabetes. In contrast, diabetes and hypertension were the only predictors of albuminuria with a normal eGFR.
Among those with diabetes, we found a prevalence of albuminuria of nearly 22%, which is similar to findings from studies conducted among specific tribes or specific geographic regions [4, 5, 14, 15] . For example, in the Zuni Kidney Project, 36% of the men and 32% of the women with diabetes had albuminuria [16] . In the Strong Heart Study, a cohort examining cardiovascular risk factors among AIAN, the prevalence of albuminuria varied by region and ranged from 28% in the Southwest to 14% in the Dakotas [5] . We also observed an association of geographic region with CKD, with the West region having the lowest odds of low eGFR and higher odds of albuminuria with a normal eGFR as compared to the Midwest and South regions. This increased risk is likely due to the influence of diabetes which is known to be higher among AIAN living in the West region. Among AIAN with diabetes in the Strong Heart Study, higher blood pressure, lack of angiotension-converting enzyme inhibitor use, smoking, and use of diabetic medicines independently predicted the development of incident albuminuria [17] . In addition to diabetes, we highlight risk factors such as age, hypertension, and smoking. In contrast to the results of other studies [3, 18] , we did not find that obesity was associated with albuminuria. The influence of obesity, which was present in over half the participants, may have been captured indirectly by its effects on hypertension and diabetes.
We observed differing risk factor patterns for low eGFR versus albuminuria, which suggest they may represent two distinct CKD phenotypes in this population and adds to the discussion of the clinical utility of the current staging system of CKD [19] . Unlike a low eGFR, albuminuria was not associated with the risk factors of age, sex, or smoking. A low eGFR was associated with hypertension, but not diabetes, while albuminuria was strongly associated with both. Among AIAN, albuminuria most likely characterizes persons who have diabetes or hypertension, and are at greatest risk for progression to ESRD [1, 20, 21] and have elevated risk for cardiovascular disease [22] [23] [24] . Men had a lower independent risk of having a low eGFR in our KEEP study among AIAN. We cannot distinguish whether the difference observed is a real difference in underlying GFR, or a bias of the equation used to estimate GFR because of the correction factor that lowers eGFR in women. Nor do we know if the men in KEEP are more self-selected as 'healthy volun- teers' than women compared to the overall AIAN community. With increasing age, AIAN are likely to have a low eGFR. In our study among AIAN participants aged 61 or older, 37% had low eGFR. In comparison, from the National Health Nutrition and Examination Survey (NHANES), the prevalence of low eGFR was 15% for persons aged 60-69, and 35% for those 70 and older [25] . AIAN with low eGFR but no albuminuria may be at greater risk for developing cardiovascular disease, heart failure and death than for developing ESRD [26] . Our study has several limitations. This is a screened population of AIAN who elected to participate in the KEEP study which specifically targets individuals at elevated risk for kidney disease. Even though CKD in the KEEP study cohort has been shown to be similar to the subgroup of participants with CKD in NHANES [27] , our results specifically may overestimate the prevalence of CKD among all AIAN in the USA. The AIAN population comprises 1.5% of the total US population [28] , whereas AIAN participants were 4.9% of the overall KEEP study population. We did not look at other forms of kidney disease such as IgA nephropathy glomerulonephritis, which is common among the Zuni tribe in the Southwest [29] . We are not able to accurately stratify our cohort by tribes. Our data are cross-sectional and therefore cannot account for changes in risk factors or outcome status over time. Some of our data are based on selfreport from questionnaires and therefore are subject to potential recall and ascertainment bias; however, prior work has shown ascertainment of disease status by selfreport to be valid [30] . We did not have complete data on all AIAN participants in the KEEP study. However, we showed that those with and without data to determine CKD status by eGFR were similar, and therefore unlikely to have affected the results seen. A single random sample of urine was collected to measure albumin and creatinine, rather than repeated measures as recommended for clinical practice [7] . A lack of statistical power may have limited our ability to detect significant interactions between geographical region and diabetes or hypertension in association with outcomes of low eGFR and albuminuria with a normal eGFR. We did not examine socioeconomic factors, such as lower income or lower level of education attainment, which have been shown to be associated with CKD among AIAN and other ethnic minority populations [3, 31, 32] .
The prevalence of CKD among AIAN participants in KEEP was high and the independent risk factors for low eGFR were different than for albuminuria with a normal eGFR. Many of the CKD risk factors are potentially modifiable, yet are rising. Preventative and treatment interventions will be required to mitigate the burden of CKD, and ultimately ESRD, among AIAN.
